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Abstract 
The term Technology-enhanced learning (TEL) is used to describe the application of 
information and communication technologies to teaching and learning. Explicit statements 
about what the term is understood to mean are rare and it is not evident that a shared 
understanding has been developed in higher education of what constitutes an enhancement 
of the student learning experience. This article presents a critical review and assessment of 
how TEL is interpreted in recent literature. It examines the purpose of technology 
interventions, the approaches adopted to demonstrate the role of technology in enhancing 
the learning experience, differing ways in which enhancement is conceived and the use of 
various forms evidence to substantiate claims about TEL. Thematic analysis enabled 
categories to be developed and relationships explored between the aims of TEL 
interventions, the evidence presented, and the ways in which enhancement is conceived. 
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Introduction 
In education it is often taken for granted that technologies can ‘enhance learning’ and the 
term ‘Technology Enhanced Learning’ (TEL) is increasingly being used in the UK, Europe and 
other parts of the world. Referring to the application of information and communication 
technologies to teaching and learning, TEL subsumes the older term ‘e-learning’, which was 
used with a confusing variety of meanings (Guri-Rosenblit & Gros 2011). However, it is rare 
to find explicit statements about what TEL actually means. Most frequently, TEL is 
considered synonymous with equipment and infrastructure. For example, the UK 
Universities and Colleges Information Systems Association provides only a technical 
definition of TEL as “Any online facility or system that directly supports learning and 
teaching” (Walker, Voce and Ahmed 2012, 2). No clarity is imparted by the UK’s Technology 
Enhanced Learning Research Programme (TELRP) (http://www.tel.ac.uk/), which received 
funding of £12 million for the period 2007–12 and involved education in both schools and 
universities. In a recent document presenting some brief findings (TELRP undated, 2) the 
Director of the research programme provides little elucidation in his introductory 
statement: 
Does technology enhance learning? It’s not unreasonable to ask this question, but 
unfortunately it’s the wrong question. A better question is: how can we design 
technology that enhances learning, and how can we measure that enhancement? 
This raises questions about how technology enhances learning and what value is being 
added to learners’ experiences. Unlike other terms, TEL implies a value judgement: 
‘enhanced’ suggests that something is improved or superior in some way. Oxford 
Dictionaries Online (2011) defines enhancement as “an increase or improvement in quality, 
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value, or extent”: but exactly what will be enhanced when technology is used for teaching 
and learning, how will enhancement be achieved, and how can an enhancement be 
determined? Is the enhancement concerned with  
 increasing technology use?  
 improving the circumstances/environment in which educational activities are 
undertaken?  
 improving teaching practices?  
 improving (quantitatively and/or qualitatively) student learning outcomes? 
Since the 1990s there has been considerable growth in the adoption of technology within 
higher education. Using technology can be costly, not only in terms of the financial 
investment made by institutions for infrastructure, equipment and technical support staff, 
but also in relation to the personal investment made by staff and students in using the 
technology for teaching and learning. In western universities institutional ‘learning 
environments’ are almost ubiquitous and their use by teachers and students can no longer 
be considered a novelty or the domain of enthusiasts alone. Despite the widespread growth 
in practice, concerns continue to be expressed about the extent to which effective use is 
being made of technology to improve the learning experience of students (Cuban 2001; 
Guri-Rosenblit 2009; Kirkwood and Price 2005; Zemsky and Massy 2004). 
The sharing of ‘good practice’ and ‘lessons learned’ among members of the higher 
education community can help academic teachers to concentrate on effective uses of 
technology and to avoid the unnecessary duplication of effort and expense. Although most 
TEL projects are relatively small-scale and context-specific, the cumulative lessons learned 
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from a number of similar interventions can provide a useful indication of benefits that might 
be achieved. 
The Higher Education Funding Council for England (HEFCE) in their revised e-learning 
strategy (2009) define TEL as ‘Enhancing learning and teaching through the use of 
technology’. While this is unclear in its characterisation of enhancement, the document 
does identify three levels of potential benefits that TEL might bring (HEFCE 2009, 2):  
 Efficiency – existing processes carried out in a more cost-effective, time-effective, 
sustainable or scalable manner.  
 Enhancement – improving existing processes and the outcomes.  
 Transformation – radical, positive change in existing processes or introducing new 
processes.  
Senior managers and decision-makers are likely to be interested in efficiency benefits that 
contribute to the reduction or containment of costs, increasing student numbers, 
competitive advantage, or meeting student expectations. Those more directly involved in 
teaching and supporting students are likely to be interested in potential transformational 
benefits. However, what is more commonly found in practice is that technology is used to 
replicate or supplement traditional activities (Blin & Munro 2008; Eynon 2008; Roberts 
2003). After investigating the adoption of technology for education in California, Cuban 
(2001, 134) observed that 
the overwhelming majority of teachers employed the technology to sustain existing 
patterns of teaching rather than to innovate … [and that] … only a tiny percentage of 
high school and university teachers used the new technologies to accelerate student-
centred and project-based teaching practices.  
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Reviewing existing research on technology for teaching and learning in higher education 
Several different focal points can be used when attempting to review or synthesise research 
studies in the field, depending upon the purpose they are intended to serve. Some reviews 
focus on assessing the uptake of technology in the higher education sector (e.g. Walker, et 
al. 2012). There are reviews undertaken to synthesise findings relating to a particular 
technology (e.g. Naismith, et al. 2004; Kay & LeSage 2009; Sim & Hew 2010) or discipline 
area (e.g. Arbaugh et al. 2009; Papastergiou 2009). Others reviews attempt to provide a 
meta-analysis of findings from experimental or quasi-experimental studies of the effects or 
impacts of TEL projects across the sector (e.g. Means et al. 2010; Tamim et al. 2011). 
Because meta-analyses often impose very strict inclusion/exclusion criteria (only including 
large-scale controlled quantitative experimental or quasi-experimental studies), some 
reviews have attempted to synthesise findings from research and evaluation studies on a 
less restrictive basis (e.g. Conole & Alevizou 2010; Du Boulay et al. 2008; Price and Kirkwood 
2011). Yet other reviews are undertaken to explore the motives and aims of teachers (e.g. 
Jump 2010) or the conceptions of educational practices exhibited by 
practitioners/researchers (e.g. Hrastinski 2008). 
One review of the use of technology for learning and teaching in higher education (Price and 
Kirkwood 2011) observed that there were issues in relation to the concept of enhancement 
and the associated evidence: both required further scrutiny. The term ‘enhanced’ was 
widely used in the literature, but frequently in an unconsidered and unreflected way so that 
its meaning was opaque and/or ‘taken for granted’. Similarly, conceptions of ‘teaching’ and 
‘learning’ (and the relationship between them) were often unquestioned. The investigation 
reported here builds upon that review in order to examine how enhancements of TEL might 
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be conceived and how evidence of enhancement claims are presented and articulated. This 
review is not concerned with the findings that researchers derived from their studies of TEL 
interventions: instead we attempt to learn more about the variety of things they were 
searching for and the means they used for showing what they had found. It aims to provide 
increased clarity to debates and discussions about TEL by exploring variations in the 
meanings ascribed to TEL by teachers and researchers and differences in their beliefs and 
associated practices.  
Method 
Literature search 
The review covers literature for the period from 2005 to 2010. It comprises articles related 
to technologies used for teaching and learning in higher education. This was to reflect 
current thinking and evidence supporting positions and claims relating to TEL and included 
accounts of technology-supported interventions in higher education that 
 were intended for specific teaching and/or learning purposes; 
 were associated with one or more particular course/module or group of students, 
and; 
 included some form of evaluative evidence of the impact of the intervention 
described. 
To ensure a wide international coverage of journal articles and conference papers relating 
to higher (rather than school-based) education, the ‘Web of Science’ and the ‘Academic 
Search Complete’ databases were selected. Articles were identified using the search 
terms/keywords: ‘technology’, ‘university or higher education’, ‘teaching or learning’ and 
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‘evidence or empirical’. Several hundred abstracts were scrutinised, but surprisingly few 
interventions met all three of the criteria listed above. After duplicates were removed, 70 
unique references were identified from the ‘Web of Science’ database and 11 unique 
references from the online ‘Academic Search Complete’. Our concern about the low yield of 
appropriate documents led us to review manually a number of relevant journals for 
pertinent articles (See Note 1 at end for details).  
Initial screening 
The abstracts of the identified articles were scrutinised to ensure that they fulfilled the 
criteria above: some were excluded because they were wholly or primarily about  
 technology interventions in schools 
 students’ attitudes to and use of technologies in general 
 plans for technology interventions that were yet to be introduced with students 
 the generalised or idealised potential or affordances of technologies in education 
 approaches to professional development for teachers’ adoption of technologies 
 institutional policies relating to the adoption of technologies. 
(For consistency, we have used the term intervention throughout this article to refer to any 
instance where technology has been used to support learning and teaching in higher 
education.)  
Articles primarily concerned with using technology for assessment and/or feedback 
purposes were also excluded, as a separate parallel review was being conducted in that area 
(Whitelock et al 2011). 
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After applying the inclusion/exclusion criteria, a total of 50 unique articles and papers were 
selected for review. Three of these were literature reviews and were excluded, leaving 47 
articles. These comprised interventions that varied in their nature, discipline, country and 
approach. Detailed references for these documents appear in the Appendix.  
Full-text review 
Almost all of these articles reported on interventions that had been initiated and conducted 
by one or more academic teacher with responsibility for the modules or courses involved. 
Some articles related to studies undertaken by academic developers, examining similar 
interventions on several modules or courses. There were a variety of drivers for the 
interventions we reviewed. Many appeared to be technology-led: to scrutinise the impact or 
potential of particular technologies in teaching and learning. In fewer cases, 
authors/researchers were responding to an identified educational issue or aspiration (e.g. 
larger class size, remote learners, promoting reflection). 
The following questions guided our analysis of the full texts and enabled us to gain a better 
understanding of how researchers and teachers in higher education conceptualise 
enhancement in relation to teaching and learning with technology: 
 What types of technology intervention might be connected with teaching and/or 
learning enhancements?  
 How is enhancement conceptualised in relation to teaching and learning processes 
and experiences? 
 What evidence is considered necessary or appropriate to demonstrate the 
achievement of enhancement(s)? 
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Thematic Analysis (Braun & Clarke 2006) was used for analysing the content of the articles. 
Each article was read several times in order to become familiar with views about 
enhancements and the evidence presented to support these claims. Each author read the 
articles independently and noted salient points relating to (1) the driver for the 
intervention/study, (2) the enhancement sought, (3) the research/evaluation approach and 
methods, and (4) the type(s) of evidence acquired. The process was repeated to ensure that 
each of the above three questions had been fully explored. Through discussion, agreement 
was reached on the themes that emerged from the process of analysis.  
In the articles we reviewed, authors had sometimes articulated the enhancements expected 
during the planning or design of an intervention. For example, “whether wikis could 
facilitate collaborative learning and positively affect student attitudes to group work in the 
context of an assessed group project” (Elgort et al 2008, 196). Several studies had adopted 
an explicitly exploratory approach (e.g. Bailey & Card 2009; Downing et al 2007; Hramiak et 
al 2009), so that enhancements only became apparent during the research. In our analysis 
of the articles we identified several themes by categorising emerging topics with brief 
descriptions. These form the basis of reporting structure in the following section. 
Findings 
Differing types of interventions  
Each article was scrutinised to ascertain the goal/rationale of the intervention, although this 
was not always stated explicitly. These were characterised as having a primary focus on one 
of the following: 
1. replicating existing teaching practices 
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2. supplementing existing teaching 
3. transforming teaching and/or learning processes and outcomes. 
Although the interventions reported were disparate, it was possible to assign interventions 
to one of two sub-categories within each of the three main categories. These are listed in 
Table 1. Each article appears only once. 
Table 1 about here 
 
Intervention type 1. Replicating existing teaching practices 
In almost one-fifth of the interventions, technology had been used to replicate existing 
teaching. The main sub-category (1a) comprised interventions in which an element of 
conventional teaching was replicated and delivered to students using some form of 
technology. The other sub-category of replication (1b) involved a comparison being made of 
different technologies for delivering the same material or resources to learners.  
Intervention type 2. Supplementing existing teaching practices 
Half of the interventions were in this category. Studies in sub-category 2a involved 
resources or tools being made available that increased flexibility for learners. For example, 
recorded lectures or other course components were made available online to increase 
flexibility with regard to when and/or where students undertook their learning activities 
(e.g. Copley 2007). While such interventions typically examined students’ responses to the 
additional flexibility provided, in many there was no exploration of any quantitative or 
qualitative changes in student learning. The studies in sub-category 2b explored the benefits 
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associated with the adoption of elements, often optional, which were available in addition 
to regular course components. 
Intervention type 3. Transforming the learning experience 
In less than one-third of interventions, technology had been associated with structural 
changes in the teaching and learning processes. Often they were linked with attempts to 
achieve qualitative changes in the outcomes achieved by students. Interventions in sub-
category 3a involved redesigning activities or parts of modules to provide active learning 
opportunities for students. For example, resources were prepared for students to undertake 
enquiry-based learning activities and to develop reflective skills (Cooner 2010); a video 
game was used to improve mechanical engineering students’ engagement with numerical 
methods (Coller & Scott 2009); an existing module was transformed into “problem-based 
blended learning on the basis of a social constructivist approach” (Dalsgaard & Godsk  
2007). Collaboration, knowledge-building and meaningful learning were expected from 
interventions that involved the generation of TEL resources by students (e.g. Hakkarainen et 
al. 2007; Lee et al. 2008).  
Studies in sub-category 3b investigated how TEL activities could most effectively promote 
qualitatively richer learning among students.  
Differing ways in which enhancement is conceived  
While several studies adopted an overtly exploratory approach, others were vague about 
the nature of any anticipated enhancement, either to learning or the learning experience. 
While not all documents used the term ‘technology enhanced learning’, all described some 
form of benefit or improvement, either explicitly or implicitly. Thematic analysis enabled us 
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to discern what the designers of each intervention were seeking by way of enhancement to 
learning and/or teaching. As many documents referred to more than one form of 
enhancement, we listed all that could be identified. Our analysis enabled us to characterise 
the desired enhancements (not the interventions) in terms of their emphasis on: 
1. operational improvement (e.g. providing greater flexibility for students; making 
resources more accessible) 
2. quantitative change in learning (e.g. increased engagement or time-on-task; students 
achieving improved test scores or assessment grades) 
3. qualitative change in learning (e.g. promoting reflection on learning and practice; 
deeper engagement; richer understanding) 
Several sub-categories were identified within each of these. The studies are listed under 
each category and sub-category in Table 2 (each intervention could involve more than one 
form of enhancement).  
Table 2 about here 
 
A comparison of Tables 1 and 2 indicates some correspondence between the type of 
intervention and the way(s) in which enhancement was conceived. Most of the 
interventions that involved ‘replicating’ or ‘supplementing’ existing teaching considered 
enhancement to relate to operational improvement or quantitative change in learning. In 
contrast, the interventions aimed at ‘transforming’ the learning experience tended to 
conceive of enhancement in terms of qualitative changes. 
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Intervention types 1 & 2. Replicating or supplementing existing teaching practices: anticipated 
enhancements 
Improvements in test or assessment scores were among the most frequently sought forms of 
enhancement. This suggests that learning is viewed largely as quantitative change and that 
‘enhanced learning’ is interpreted as an improvement in the acquisition and/or retention of 
knowledge. For example: 
It was our hope that students … would show greater retention of course material and 
enhanced course satisfaction (Cramer et al. 2007, 106-7). 
Several studies used a pre-test/post-test experimental method to establish whether 
students using the TEL intervention had achieved higher scores than students who had not. 
Other studies compared scores for the end-of-semester assessment to determine whether 
TEL learners had achieved higher grades than non-TEL learners (either parallel groups in the 
same presentation or cohorts in different presentations). In the Discussion (below) we 
examine some of the problems associated with this approach. 
Many interventions sought to achieve favourable perceptions or attitudes among students 
and academics in relation to the technology application. Typically these studies employed 
self-completion surveys, the results of which require careful interpretation in respect of 
demonstrating the achievement of an enhancement. This too is considered further in the 
Discussion section. 
Intervention type 3. Transforming the learning experience: anticipated enhancements 
The interventions in this category were more likely to characterise enhancement in terms of 
qualitative changes in learning. In other words, the studies tended not to be concerned 
about how much students learned, but with the development of deep learning or 
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intellectual skills (see, for example, Dahlgren 2005; Marton & Säljö 2005; Perry 1970; Säljö 
1979). One such study stated that: 
… computer mediated interaction provided a highly structured context which successfully 
engaged students and supported their achievement of key skills and assessment goals, 
notably problem solving, team work and tackling unfamiliar problems. (Thorpe 2008, 
69). 
Typically these studies involved altering the design of teaching and learning activities in 
order to promote higher quality outcomes. In most cases a range of data collection methods 
was used to provide evidence. 
Differing forms of evidence collected to demonstrate enhancement 
A range of approaches was adopted in the 47 studies reviewed including variation in data 
collection methods, both quantitative and qualitative, and in the types of evidence used to 
demonstrate enhancement. Table 3 shows data collection methods and types of evidence 
identified from statements within the documents (each study could be listed under several 
sub-categories).  
Table 3 about here 
 
Tables 2 and 3 enable us to relate data collection methods to how enhancement was 
conceived. Overall, thirteen studies (28%) used only quantitative methods: all were 
concerned with enhancement as operational improvement and/or quantitative change in 
learning (although three studies also sought qualitative changes). Eight studies (17%) 
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employed only qualitative methods: all were seeking evidence of qualitative change in 
learning. 
These differing forms of evidence are discussed below in relation to the three categories of 
intervention presented in Table 1.  
Intervention type 1. Replicating teaching 
Of the nine studies in this intervention category, six (67%) involved quantitative methods 
only. Performance measures (assignment or test scores) were typically used to compare TEL 
and non-TEL student groups. Questionnaires and/or attitude scales were often used to 
determine students’ perceptions of and reactions to the teaching modifications introduced. 
Data were also collected from system usage records, teaching staff surveys, open-ended 
comments from students and staff interviews. 
Intervention type 2. Supplementing teaching 
Five (22%) of the twenty-three studies within this category employed only quantitative 
methods. Three studies used data from just one source. In contrast, six studies collected 
data using four or more methods. While some studies used assessment or test scores for 
comparative purposes, the most frequent source of data was the self-report student survey 
(in 16 of 23 studies). Qualitative data were often acquired from interviews, the analysis of 
online interactions, or from individuals’ online postings. 
Intervention type 3. Transforming the learning experience 
Several data collection methods were used in the majority of the fifteen interventions 
categorised as ‘transforming’, with exclusively qualitative methods being used in four 
studies (27%). Only one study used pre- and post-test scores. Similar to the previous 
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category, the most common data source was the self-report student survey. Also, much use 
was made of individual interviews (students and/or teachers) or focus groups. Several 
studies involved the quantitative and/or qualitative analysis of online interactions. 
Discussion 
Our review of the literature has exposed a number of issues that warrant closer scrutiny. In 
this section we critically discuss six areas that relate to  
 conceptual variations (in sub-section a);  
 methods adopted for interventions and their evaluation (b and c);  
 types of evidence used (d); 
 difficulties in attributing causality (e); and 
 the extent to which findings can be generalised (f). 
a. Differing ways in which ‘enhancement’ and ‘evidence’ are conceived 
Our review revealed different ways in which enhancement had been conceptualised and 
different forms of evidence that were sought to substantiate claims about TEL. This may 
reflect differing traditions and disciplinary practices in this emerging field, drawing as it does 
upon education, psychology and computer science. Nonetheless three interesting themes 
emerged overall from this review: 
1. The goals of the interventions/studies reviewed 
2. How enhancement was conceived 
3. How evidence of enhancement was conceived 
Table 1 illustrated that interventions were intended either to replicate existing teaching 
practices, to supplement existing teaching, or to transform the learning experience. While 
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these terms appeared infrequently in the statement of goals for a TEL intervention, it was 
evident which of the categories was most appropriate from the description of each project. 
The objective of the first two goals appears to be ‘doing things better’, while the third goal 
appears to be focussed on ‘doing better things’ (Reilly 2005). These distinctions are 
important as they underpin implicit views about TEL and delineate the kind of enhancement 
anticipated and evidence sought and presented. 
Table 2 illustrates how enhancements were conceived. Although we set out to look for 
‘conceptions of enhancement’ in this literature review, we felt that the data were not rich 
enough to draw out conceptions in a manner associated with phenomenographic studies. 
However, the categories in Table 2 provide useful insights into how enhancement was 
envisaged. These were often implicit conceptions, and authors seldom acknowledged these 
characteristics. For example, a study might not have stated explicitly that quantitative 
change in learning was a goal of the TEL intervention, but test scores had been used as a 
performance measure to demonstrate the impact of the TEL intervention. 
Table 3 provides an indication of how evidence was conceived. This is the only 
categorisation that was wholly derived from explicit statements in all the documents 
reviewed. These distinctions illustrate how the evidence provided confirmation that the 
enhancement conceived (Table 2) had been achieved and contributed to the goals of the 
study (shown in Table 1). 
We outline here some of the issues that concerned us about the evidence of enhancements. 
b. Comparative studies: Seeking variations between TEL and non-TEL student groups 
Evaluating differences between groups of students is the basis of the comparative study 
experimental method. In a true comparative study all independent variables would be held 
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constant, with only the dependent variable – the medium of delivery – differing. Many 
replication studies have shown ‘no significant difference’ (see Reeves 2005). However, 
causality is difficult to attribute if independent variables are not held constant; the 
comparative study method is only appropriate where teaching is being replicated (Joy & 
Garcia 2000). When an intervention provides additional/supplementary resources or tools 
for only some learners, any enhancement observed might simply be attributable to 
additional inputs or time spent on the task, rather than to the mediation of technology per 
se.  
Even if teaching was successfully replicated using technology, it still leaves unanswered 
questions about what has been enhanced. The experimental comparative approach is 
associated with behaviourist/cognitivist views of learning and usually assumes that 
enhancement involves a quantitative improvement (higher scores equals more learning). 
This approach reveals nothing about whether students have developed a qualitatively richer 
or deeper understanding (Dahlgren 2005; Perry 1970; Marton & Säljö 2005). 
c. Evaluation methods: Interpreting self-report survey data 
Kirkpatrick’s (1994) four-stage evaluation model proposes that the effectiveness of 
education/training is best evaluated at four progressively challenging levels – Reaction, 
Learning, Behaviour and Results. It stresses that evaluations need to attend to all four 
stages, focusing not only on changes in what individuals know and do, but also on the 
subsequent impacts attributed to the knowledge and behaviour developed. Holton (1996) 
argues that the reactions are less important than the other three levels because they reveal 
little about the outcomes attained. In other words, reactions data alone have limited value 
in demonstrating ‘enhancement’.  
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Where students’ views of TEL interventions were explored, the approach tended to rely 
upon self-reporting by students. Respondents may vary in their interpretation of the 
questions. For example, what exactly can be derived from findings such as these: 
when asked whether they believed the Virtual Lecture Hall would enhance their learning, 
73% either agreed or strongly agreed (Cramer et al. 2007, 111);  
these results provide good evidence to suggest that students think that podcasts 
enhance their learning process (Evans 2008, 496). 
Statements such as these leave unanswered questions about whether all students shared 
the same interpretation of ‘enhancement of learning’ and whether these matched the views 
of their teachers. 
d. Appropriateness of measures used 
Where course assessment or tests were used to determine learning ‘gains’ or 
‘improvements’, it is necessary to consider the extent to which they were appropriately 
matched for the enhancement being sought. When a test is designed for a particular 
intervention study, it must be suitable and sensitive to the anticipated learning 
enhancement (for example, multiple-choice or short answer questions are unlikely to reveal 
qualitative changes in learners’ understanding). When actual course assessments are used, 
those conducting the study need to be aware that the form of assessment influences what 
students attend to in learning activities and how they approach the task (Marton & Säljö 
2005; Scouller 1998). So, if a TEL intervention is intended to promote student discussion 
and/or collaboration on group tasks (drawing upon a social constructivist view of learning), 
pre-existing assessment requirements that focus solely upon the work of each individual 
(reflecting a behaviourist or cognitivist view) will have considerable impact upon students’ 
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behaviour (Cubric 2007; Neumann & Hood 2009). Downing et al. (2007, 211) reported that 
students  
felt a sense of friendship or community with their fellow [online] students but that this 
was tempered by the need to get a good individual grade in their final assignment.  
Students’ expectations can also have a substantial impact. For example, Elgort et al. (2008, 
208) found that  
the use of wikis was not enough to counteract some students’ preference for working 
alone rather than as part of a team.  
If qualitative changes in student learning are expected, then the associated activities and 
assessment strategy must give them the opportunity to develop and practice appropriately. 
For example, Coller et al. (2009) scrutinised concept maps that their students generated to 
indicate their understanding of numerical methods. In other studies the qualitative analysis 
of individual or group interviews about both the process and product of group knowledge-
creation provided illustrations of what and how students had learned (e.g. Cooner 2009; Lee 
et al. 2008).  
Compared with previous years, the presentations [made by students] demonstrated 
evidence of better reflective analysis and a deeper theoretical understanding of the 
issues that impact on diverse communities. Although there was no significant difference 
in assignment marks, it can be argued that they may not be an appropriate measure for 
the full impact of learning undertaken by this design (Cooner 2009, 285).  
While an anticipated enhancement might be ‘greater participation in online discussions’, the 
ways in which participation is conceived and evidence collected can vary enormously from 
quantitative measures (e.g. the number of messages posted) to qualitative ones (e.g. richer 
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discussion or knowledge building). Six differing conceptions of ‘online learner participation’ 
were identified in a review of research articles (Hrastinski 2008, 1761) ranging from simple 
to more complex criteria: 
It was found that research is dominated by low-level conceptions of online participation, 
which relies on frequency counts as measures of participation. However, some 
researchers aim to study more complex dimensions of participation, such as whether 
participants feel they are taking part and are engaged in dialogues, reflected by using a 
combination of perceived and actual measures of participation. 
What students gain from participating in group activities depends more on how they engage 
actively with peers than simply upon their online presence. While quantitative measures of 
student participation might be easy to capture, they contribute little to understanding how 
participation in collaborative processes can promote qualitative developments in learning. 
Measures that are sensitive to the complexities of human interaction are more appropriate 
for gathering evidence of enhancement.  
e. Transforming the learning experience 
Studies categorised as focusing on transforming the learning experience usually involved 
substantial and structural curriculum changes in the redesign and production of TEL 
resources (Cooner 2010; Coller & Scott 2009; Dalsgaard & Godsk 2007). Extensive changes 
were also necessary when interventions involved the generation of TEL resources by 
students (e.g. Hakkarainen et al. 2007; Lee et al. 2008). In all these cases technology had 
contributed to the redesigned teaching and learning activities. However, to what extent was 
any enhancement achieved the product of changes in the syllabus and learning design 
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rather than the application of technology as such? The attribution of causality is difficult 
when several variables are altered, as Coller & Scott (2009, 911) found in their study: 
What is unclear is the degree to which the game itself is responsible for deeper learning. 
To incorporate the video game, we had to completely re-develop the course.  
Typically, interventions that sought transformative outcomes drew upon a range of data 
sources and richer forms of evidence were collected. This not only enabled the triangulation 
of evidence, but also acknowledged that many interrelated factors influence student 
learning. It is not only difficult to bring about improvements in student learning within ‘real’ 
contexts, it is even more problematic to demonstrate what has been achieved and how it 
has occurred (Price & Richardson 2004).  
f. Generalising findings to other contexts 
Attempts to generalise the findings of TEL studies from one context to another is often 
impeded by the manner in which such accounts are reported. Teaching and learning 
interventions too often focus on a fairly specific application of a technology (e.g. podcasts, 
wikis, etc.), although there are often multiple ways in which a particular technology can be 
used for different educational purposes. The use of a particular technology in one context 
may differ from use in another. Published reports often provide insufficient detail about the 
context in order to make generalisations possible. The educational design of what has 
actually been studied is often considerably more complex than what is reported. Thorpe 
(2008, 57) argues that: 
... research might have increased value if it provided more information about the design 
of the teaching and learning interactions associated with its findings. This would enable 
the findings reported to be interpreted in relation to the way in which the technology 
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was implemented, and the context of the implementation, rather than to the technology 
as an abstract concept such as ‘computer mediated communication’. 
There appears to be an under-utilisation of theoretical models to examine TEL and to 
generalise about enhancements. Academics and managers need a clear articulation of what 
is meant by technology enhanced learning in higher education to develop a better 
understanding of achievements. This is vital if research is to inform future practices in 
teaching and learning with technology to maximum effect. 
Reflections on the review 
As mentioned earlier, we were concerned about the scarcity of published documents 
identified in our database searches that reported studies of actual university 
teaching/learning situations and also drew upon and/or generated evidence appropriate to 
the intervention. Perhaps the difficulties inherent in carrying out and reporting such studies 
are greater than those involved in other related research activities. Related research 
includes surveying student and staff access to and use of technologies for education, 
establishing attitudes and preferences to technology use, experimenting with technology 
tools in situations that are not directly course related, and speculating about the potential 
of particular technologies for educational purposes.  
There were a variety of contexts and drivers associated with the interventions we 
scrutinised, although most involved academic teachers associated with the modules or 
courses involved. When reviewing the documents identified in the searches, we discovered 
that many interventions were technology-led (e.g. ‘how can we use podcasts/wikis…?’), 
rather than being derived from an identified educational need or aspiration. While in some 
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cases this technology-led approach was undoubtedly a response to larger or more diverse 
classes and encouragement to make greater use of institutional ‘learning environments’, 
there seemed to be many cases of deterministic expectations that introducing technology 
would, of itself, bring about changes in teaching/learning practices. This might contribute to 
the lack of an explicit educational rationale for many interventions. 
 
Conclusion and further research 
The term TEL is too often used in an unconsidered manner. While technology has increasing 
influence throughout higher education, there is still much to be learned about its effective 
educational contribution. This review has highlighted variations in both the purpose of TEL 
interventions and the ways that enhancement has been conceived. Underpinning this is a 
conflation of two distinct aims:  
 changes in the means through which university teaching happens; and  
 changes in how university teachers teach and learners learn. 
Many of the studies reviewed concentrated on the means: replicating and supplementing 
existing teaching. Fewer considered the second aim - how. The ways in which academics 
conceptualise teaching and learning with technology have significant and interrelated 
impacts upon their students’ experience of learning (Kirkwood and Price 2012). The 
potential of technology to transform teaching and learning practices does not appear to 
have achieved substantial uptake, as the majority of studies focused on reproducing or 
reinforcing existing practices. 
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Transforming learning is a complex activity that frequently necessitates reconsideration by 
teachers of what constitutes ‘teaching’ and ‘learning’. It requires sophisticated reasoning 
about the goals of any intervention, the design of the evaluation and the interpretation of 
the results within the particular educational context. Further research needs to examine the 
relationship between these factors and their bearing on the potential of technology to 
transform the student learning experience. 
There is increasing recognition of the limitations of much research that has been 
undertaken to understand the relationship between technology and learning (Cox and 
Marshall 2007; Oliver, 2011; Oliver et al, 2007). Research is often characterised by a lack of 
critical enquiry (Selwyn, 2011) and a limited range of research methods and approaches. We 
hope that this critical review of the TEL literature will contribute to debates in the field and 
to informing subsequent research activity by teachers and academic developers. We 
recommend that when conducting studies of TEL interventions in authentic 
teaching/learning contexts, researchers should examine the assumptions that underpin any 
research method or approach considered and the associated limitations. They should also 
state those limitations explicitly in any report for publication and indicate the extent to 
which they consider that their findings can realistically be generalised to other 
teaching/learning situations and contexts. 
 
Note 1. The journals additionally reviewed were: Active Learning in Higher Education; ALT-J 
(the journal of the Association for Learning Technology); Australasian Journal of Educational 
Technology; British Journal of Educational Technology; Computers and Education; Higher 
Education; Internet and Higher Education; Journal of Computer Assisted Learning; Learning, 
Media and Technology; Open Learning; Studies in Higher Education; Teaching in Higher 
Education. 
Handover Version 
 
26 
References 
Arbaugh, J. B., Godfrey, M. R., Johnson, M., Pollack, B. L., Niendorf, B. and Wresch, W. 2009. 
Research in online and blended learning in the business disciplines: Key findings and 
possible future directions. The Internet and Higher Education, 12: 71-87. 
Bailey, C. J. and Card, K. A. 2009. Effective pedagogical practices for online teaching: 
Perception of experienced instructors. The Internet and Higher Education, 12: 152-155. 
Blin, F. and Munro, M. 2008. Why hasn’t technology disrupted academics’ teaching 
practices? Understanding resistance to change through the lens of activity theory. 
Computers and Education, 50: 475-490. 
Braun, V. and Clarke, V. 2006. Using thematic analysis in psychology. Qualitative Research in 
Psychology, 3: 77-101. 
Coller, B. and Scott, M. 2009. Effectiveness of using a video game to teach a course in 
mechanical engineering. Computers and Education. 53: 900-912. 
Conole, G. and Alevizou, P. 2010. A literature review of the use of Web 2.0 tools in higher 
education. York: Higher Education Academy. Accessed January 18, 2013. 
http://search3.openobjects.com/kb5/hea/evidencenet/resource.page?record=rwwZF
u7x6_0  
Cooner, T. S. 2009. Creating opportunities for students in large cohorts to reflect in and on 
practice: Lessons learnt from a formative evaluation of students' experiences of a 
technology-enhanced blended learning design. British Journal of Educational 
Technology. 41: 271-286. 
Cox, M. J. and Marshall, G. 2007. Effects of ICT: Do we know what we should know? 
Education and Information Technology, 12: 59-70. 
Handover Version 
 
27 
Cramer, K. M., Collins, K. R., Snider, D., and Fawcett, G. 2007. The virtual lecture hall: 
Utilisation, effectiveness and student perceptions. British Journal of Educational 
Technology, 38: 106-115. 
Cuban, L. 2001. Oversold and underused: computers in the classroom. Cambridge, MA: 
Harvard University Press. 
Dahlgren, L-O. 2005. Learning conceptions and outcomes. In F. Marton, D. Hounsell and N. 
Entwistle (eds.), The experience of learning: Implications for teaching and studying in 
higher education (3rd edition) (23-38). Edinburgh: University of Edinburgh, Centre for 
Teaching, Learning and Assessment. Accessed January 18, 2013. 
http://www.docs.hss.ed.ac.uk/iad/Learning_teaching/Academic_teaching/Resources/
Experience_of_learning/EoLChapter2.pdf  
Downing, K., Lam, T-F., Kwong, T., Downing, W-K., and Chan, S-W. 2007. Creating interaction 
in online learning: A case study. ALT-J, 15: 201-215.  
Du Boulay, B., Coultas, J. and Luckin, R. 2008. How compelling is the evidence for the 
effectiveness of e-learning in the post-16 sector? Brighton: University of Sussex, IDEAS 
Lab. Accessed January 18, 2013. http://www.reveel.sussex.ac.uk/files/Version4.2.pdf  
Elgort, I., Smith, A. G. and Toland, J. 2008. Is wiki an effective platform for group course 
work? Australasian Journal of Educational Technology, 24: 195–210. Accessed January 
18, 2013. 
 http://www.ascilite.org.au/ajet/ajet24/elgort.html. 
Eynon, R. 2008. The use of the world wide web in learning and teaching in higher education: 
Reality and rhetoric. Innovations in Education and Teaching International, 45: 15-23 
Handover Version 
 
28 
Guri-Rosenblit, S. 2009. Digital technologies in higher education: Sweeping expectations and 
actual effects. New York: Nova Science. 
Guri-Rosenblit, S. and Gros, B. 2011. E-learning: Confusing terminology, research gaps and 
inherent challenges, Journal of Distance Education, 25 (1). Available at:  
Higher Education Funding Council for England 2009. Enhancing learning and teaching 
through the use of technology: A revised approach to HEFCE’s strategy for e-learning. 
Bristol: Higher Education Funding Council for England. Accessed January 18, 2013. 
http://www.hefce.ac.uk/pubs/hefce/2009/09_12/09_12.pdf 
Holton, E. F. 1996. The flawed four-level evaluation model, Human Resource Development 
Quarterly, 7: 5-21. 
Hramiak, A., Boulton, H. and Irwin, B. 2009. Trainee teachers’ use of blogs as private 
reflections for professional development. Learning, Media and Technology, 34: 259-
269. 
Hrastinski, S. 2008. What is online learner participation? A literature review. Computers and 
Education, 51: 1755–1765. 
Joy, E. H. and Garcia, F. E. 2000. Measuring learning effectiveness: A new look at no-
significant-difference findings. Journal of Asynchronous Learning Networks, 4: 33-39. 
Jump, L. 2011. Why university lecturers enhance their teaching through the use of 
technology: a systematic review, Learning, Media and Technology, 36: 55-68. 
Kay, R. H. and LeSage, A. 2009. Examining the benefits and challenges of using audience 
response systems: A review of the literature. Computers and Education, 53: 819-827. 
Kirkpatrick, D. L. (1994). Evaluating training programs. San Francisco: Berrett-Koehler 
Publishers. 
Handover Version 
 
29 
Kirkwood, A. and Price, L. 2005. Learners and Learning in the 21st Century: What do we 
know about students’ attitudes and experiences of ICT that will help us design 
courses? Studies in Higher Education, 30: 257-274. 
Kirkwood, A. and Price, L. 2012. The influence upon design of differing conceptions of 
teaching and learning with technology. In A. D. Olofsson and O. Lindberg (eds.) 
Informed Design of Educational Technologies in Higher Education: Enhanced Learning 
and Teaching (1-20). Hershey, Pennsylvania: IGI Global. 
Marton, F. and Säljö, R. 2005. Approaches to learning. In F. Marton, D. Hounsell and N. 
Entwistle (eds.), The experience of learning: Implications for teaching and studying in 
higher education (3rd edition) (39-58). Edinburgh: University of Edinburgh, Centre for 
Teaching, Learning and Assessment. Accessed January 18, 2013. 
http://www.docs.hss.ed.ac.uk/iad/Learning_teaching/Academic_teaching/Resources/
Experience_of_learning/EoLChapter3.pdf  
Means, B., Toyama, Y., Murphy, R., Bakia, M., and Jones, K. 2010. Evaluation of evidence-
based practices in online learning: A meta-analysis and review of online learning 
studies. Washington D.C.: U.S. Department of Education Office of Planning, Evaluation, 
and Policy Development. Accessed January 18, 2013.  
http://www2.ed.gov/rschstat/eval/tech/evidence-based-practices/finalreport.pdf. 
Naismith, L., Lonsdale, P., Vavoula, G. and Sharples, M. 2004. Literature review in mobile 
technologies and learning. (NESTA Futurelab Report 11). Bristol: NESTA Futurelab. 
Accessed January 18, 2013. 
http://www.futurelab.org.uk/sites/default/files/Mobile_Technologies_and_Learning_r
eview.pdf  
Handover Version 
 
30 
Oliver, M. 2011. Technological determinism in educational technology research: some 
alternative ways of thinking about the relationship between learning and technology. 
Journal of Computer Assisted Learning, 27: 373-384. 
Oliver, M., Roberts, G., Beetham, H., Ingraham, B., Dyke, M. and Levy, P. 2007. Knowledge, 
society and perspectives on learning technology. In G. Conole and M. Oliver (eds.) 
Contemporary Perspectives on E-Learning Research (21-39). London: Routledge. 
Oxford Dictionaries Online 2011. Oxford: Oxford University Press. Accessed January 18, 
2013. http://oxforddictionaries.com/  
Papastergiou, M. 2009. Exploring the potential of computer and video games for health and 
physical education: A literature review. Computers and Education, 53: 603–622. 
Perry, W. G. 1970. Forms of intellectual and ethical development in the college years: A 
scheme. New York: Holt, Rinehart and Winston. 
Price, L. and Kirkwood, A. 2011. Enhancing Professional Learning and Teaching through 
Technology: A Synthesis of Evidence-based Practice among Teachers in Higher 
Education. York: Higher Education Academy. 
Price, L. and Richardson, J. T. E. 2004. Why is it difficult to improve student learning? In C. 
Rust (ed.), Improving student learning: Theory, research and scholarship (105-120). 
Oxford: The Oxford Centre for Staff and Learning Development. 
Reeves, T. C. 2005. No significant differences revisited: A historical perspective on the 
research informing contemporary online learning. In G. Kearsley (ed.), Online learning: 
Personal reflections on the transformation of education (299-308). Englewood Cliffs, 
NJ: Educational Technology Publications. 
Handover Version 
 
31 
Reilly, R. 2005. Guest editorial – Web-based instruction: Doing things better and doing 
better things. IEEE Transactions on Education, 48: 565-566. Accessed January 18, 2013. 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=1532363  
Roberts, G. 2003. Teaching using the web: Conceptions and approaches from a 
phenomenographic perspective. Instructional Science, 31: 127-150. 
Säljö, R. 1979. Learning about learning, Higher Education, 8: 443-451. 
Selwyn, N. 2011. Editorial: In praise of pessimism—the need for negativity in educational 
technology. _. 1 British Journal of Educational Technology, 42: 713-718. 
Scouller, K. 1998. The influence of assessment method on students’ learning approaches: 
Multiple choice question examination versus assignment essay. Higher Education, 35: 
453-72. 
Sim, J. W. S. and Hew, K. F. 2010. The use of weblogs in higher education settings: A review 
of empirical research. Educational Research Review, 5: 151-163. 
Tamim, R. M., Bernard, R. M., Borokhovski, E., Abrami, P. C., and Schmid, R. F. 2011. What 
forty years of research says about the impact of technology on learning: A second-
order meta-analysis and validation study. Review of Educational Research, 81: 4-28. 
Technology Enhanced Learning Research Programme, Undated. Does technology enhance 
learning? Some findings from the Technology Enhanced Learning (TEL) Research 
Programme. Accessed January 18, 2013. http://www.tlrp.org/docs/enhance.pdf  
Thorpe, M. 2008. Effective online interaction: Mapping course design to bridge from 
research to practice. Australasian Journal of Educational Technology, 24: 57-72. 
Walker, R., Voce, J. and Ahmed, J. 2012. 2012 Survey of technology enhanced learning for 
higher education in the UK, Oxford: Universities and Colleges Information Systems 
Handover Version 
 
32 
Association. Accessed January 18, 2013. 
http://www.ucisa.ac.uk/groups/ssg/surveys.aspx  
Whitelock, D., Gilbert, L. and Gale, V. 2011. Technology enhanced assessment and feedback: 
How is evidence-based literature informing practice? In: 2011 International Computer 
Assisted Assessment (CAA) Conference, Research into e-Assessment, 5-6 July, 
Southampton. 
Zemsky, R. and Massy, W. F. 2004. Thwarted innovation: What happened to e-learning and 
why? A Report from The Learning Alliance, University Pennsylvania. Accessed January 
18, 2013.  http://www.irhe.upenn.edu/WeatherStation.html  
 
Handover Version 
 
33 
Appendix. Literature review references 
Bailey, C. J. and Card, K. A. 2009. Effective pedagogical practices for online teaching: 
Perception of experienced instructors. The Internet and Higher Education, 12: 
152-155. 
Chen, Y., Chen, N. and Tsai, C. 2009. The use of online synchronous discussion for 
web-based professional development for teachers. Computers and Education, 
53: 1155-1166.  
Coller, B. and Scott, M. 2009. Effectiveness of using a video game to teach a course in 
mechanical engineering. Computers and Education, 53: 900-912.  
Connolly, T. M., MacArthur, E., Stansfield, M., and McLellan, E. 2007. A quasi-
experimental study of three online learning courses in computing. Computers 
and Education, 49: 345–359. 
Cooner, T. S. 2009. Creating opportunities for students in large cohorts to reflect in 
and on practice: Lessons learnt from a formative evaluation of students' 
experiences of a technology-enhanced blended learning design. British Journal 
of Educational Technology, 41: 271-286.  
Copley, J. 2007. Audio and video podcasts of lectures for campus-based students: 
production and evaluation of student use. Innovations in Education and 
Teaching International, 44: 387-399.  
Cramer, K. M., Collins, K. R., Snider, D., and Fawcett, G. 2007. The virtual lecture hall: 
utilisation, effectiveness and student perceptions. British Journal of Educational 
Technology, 38: 106-115. 
Handover Version 
 
34 
Cubric, M. 2007. Wiki-based process framework for blended learning. In: Proceedings 
of the 2007 International Symposium on Wikis (11-22). Accessed January 18, 
2013. 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.96.3492&rep=rep1
&type=pdf. 
Dalgarno, B., Bishop, A. G., Adlong, W., and Bedgood Jr, D. R. 2009. Effectiveness of a 
Virtual Laboratory as a preparatory resource for distance education chemistry 
students. Computers and Education, 53: 853–865. 
Dalsgaard, C. and Godsk, M. 2007. Transforming traditional lectures into problem-
based blended learning: challenges and experiences. Open Learning, 22: 29-42.  
de Grez, L., Valcke, M. and Roozen, I. 2009. The impact of an innovative instructional 
intervention on the acquisition of oral presentation skills in higher education. 
Computers and Education, 53: 112-120.  
de Leng, B. A., Dolmans, D. H., Jöbsis, R., Muijtjens, A. M. and van der Vleuten, C. P. 
2009. Exploration of an e-learning model to foster critical thinking on basic 
science concepts during work placements. Computers and Education, 53: 1-13. 
Delialioglu, O. and Yildirim, Z. 2008. Design and development of a technology 
enhanced hybrid instruction based on MOLTA model: Its effectiveness in 
comparison to traditional instruction. Computers and Education, 51: 474-483.  
Demetriadis, S. N., Papadopoulos, P. M., Stamelos, I. G. and Fischer, F. 2008. The 
effect of scaffolding students’ context-generating cognitive activity in 
technology-enhanced case-based learning. Computers and Education, 51: 939-
954. 
Handover Version 
 
35 
Downing, K., Lam, T-F., Kwong, T., Downing, W-K., and Chan, S-W. 2007. Creating 
interaction in online learning: A case study. ALT-J, 15: 201-215.  
Elgort, I., Smith, A. G. and Toland, J. 2008. Is wiki an effective platform for group 
course work? Australasian Journal of Educational Technology, 24: 195–210. 
Accessed January 18, 2013.  
http://www.ascilite.org.au/ajet/ajet24/elgort.html. 
Evans, C. 2008. The effectiveness of m-learning in the form of podcast revision 
lectures in higher education. Computers and Education, 50: 491-498.  
Fernandez, V., Simo, P. and Sallan, J. M. 2009. Podcasting: A new technological tool 
to facilitate good practice in higher education. Computers and Education, 53: 
385-392.  
Griffin, D. K., Mitchell, D. and Thompson, S. J. 2009. Podcasting by synchronising 
PowerPoint and voice: What are the pedagogical benefits? Computers and 
Education, 53: 532-539.  
Hakkarainen, P., Saarelainen, T. and Ruokamo, H. 2007. Towards meaningful learning 
through digital video supported, case based teaching. Australasian Journal of 
Educational Technology, 23: 87-109.  Accessed January 18, 2013. 
http://www.ascilite.org.au/ajet/ajet23/hakkarainen.html. 
Hemmi, A., Bayne, S. and Land, R. 2009. The appropriation and repurposing of social 
technologies in higher education. Journal of Computer Assisted Learning, 25: 
19-30.  
Handover Version 
 
36 
Herman, C. and Kirkup, G. 2008. Learners in transition: the use of ePortfolios for 
women returners to science, engineering and technology. Innovations in 
Education and Teaching International, 45: 67-76.  
Hramiak, A., Boulton, H. and Irwin, B. 2009. Trainee teachers’ use of blogs as private 
reflections for professional development. Learning, Media and Technology, 34: 
259-269.  
Hui, W., Hu, P. J-H. and Clark, K. Y. 2007. Technology-assisted learning: a longitudinal 
field study of knowledge category, learning effectiveness and satisfaction in 
language learning. Journal of Computer Assisted Learning, 24: 245-259.  
Kanuka, H., Rourke, L. and Laflamme, E. 2007. The influence of instructional methods 
on the quality of online discussion. British Journal of Educational Technology, 
38: 260-271.  
Kerawalla, L., Minocha, S., Kirkup, G. and Conole, G. 2009. An empirically grounded 
framework to guide blogging in higher education. Journal of Computer Assisted 
Learning, 25: 31-42.  
Kirkwood, A. 2006. Going outside the box: skills development, cultural change and 
the use of on-line resources. Computers and Education, 47: 316-331. 
Lee, M. J. W., McLoughlin, C. and Chan, A. 2008. Talk the talk: Learner-generated 
podcasts as catalysts for knowledge creation. British Journal of Educational 
Technology, 39: 501-521.  
Lonn, S. and Teasley, S. D. 2009. Podcasting in higher education: What are the 
implications for teaching and learning? The Internet and Higher Education, 12: 
88-92. 
Handover Version 
 
37 
Lorimer, J. and Hilliard, A. 2008. What is your response? It’s time to get personal. In: 
Proceedings of the 7th European Conference on E-Learning, 2 (128-134). 
Accessed January 18, 2013. 
https://uhra.herts.ac.uk/dspace/bitstream/2299/6111/1/ECEL_2008_Paper_Fi
nal_v1_B_W.pdf. 
McLoughlin, D. and Mynard, J. 2009. An analysis of higher order thinking in online 
discussions. Innovations in Education and Teaching International, 46: 147-160.  
Melrose, S. and Bergeron, K. 2007. Instructor immediacy strategies to facilitate group 
work in online graduate study. Australasian Journal of Educational Technology, 
23: 132-148.  Accessed January 18, 2013. 
http://www.ascilite.org.au/ajet/ajet23/melrose.html  
Murphy, E. and Ciszewska-Carr, J. 2007. Instructors' experiences of web based 
synchronous communication using two way audio and direct messaging. 
Australasian Journal of Educational Technology, 23: 68-86. Accessed January 
18, 2013. http://www.ascilite.org.au/ajet/ajet23/murphy.html. 
Neumann, D. L. and Hood, M. 2009. The effects of using a wiki on student 
engagement and learning of report writing skills in a university statistics course. 
Australasian Journal of Educational Technology, 25: 382–398. Accessed January 
18, 2013.  http://www.ascilite.org.au/ajet/ajet25/neumann.html. 
Ng’ambi, D. and Brown, I. 2009. Intended and unintended consequences of student 
use of an online questioning environment. British Journal of Educational 
Technology, 40: 316-328.  
Handover Version 
 
38 
Sorensen, P., Twidle, J., Childs, A. and Godwin, J. 2007. The use of the internet in 
science teaching: A longitudinal study of developments in use by student-
teachers in England. International Journal of Science Education, 29: 1605–1627. 
Stephenson, J. E., Brown, C. and Griffin, D. K. 2008. Electronic delivery of lectures in 
the university environment: An empirical comparison of three delivery styles. 
Computers and Education, 50: 640-651.  
Swan, A. and O'Donnell, A. 2009. The contribution of a virtual biology laboratory to 
college students' learning. Innovations in Education and Teaching International, 
46: 405-419. 
Taylor, L. and Clark, S. 2010. Educational design of short, audio-only podcasts: The 
teacher and student experience. Australasian Journal of Educational 
Technology, 26: 386-399. Accessed January 18, 2013. 
http://www.ascilite.org.au/ajet/ajet26/taylor.html. 
Thorpe, M. 2008. Effective online interaction: Mapping course design to bridge from 
research to practice. Australasian Journal of Educational Technology, 24: 57-72. 
Accessed January 18, 2013. 
http://www.ascilite.org.au/ajet/ajet24/thorpe.html. 
Tormey, R. and Henchy, D. 2008. Re-imagining the traditional lecture: An action 
research approach to teaching student teachers to ‘do’ philosophy. Teaching in 
Higher Education, 13: 303-314.  
Tynan, B. and Colbran, S. 2006. Podcasting, student learning and expectations. In: 
Proceedings of the 23rd Annual ASCILITE Conference: Who's learning? Whose 
technology? (825-832). Accessed January 18, 2013. 
Handover Version 
 
39 
http://www.ascilite.org.au/conferences/sydney06/proceeding/pdf_papers/p13
2.pdf. 
Wheeler, S. and Wheeler, D. 2009. Using wikis to promote quality learning in teacher 
training. Learning, Media and Technology, 34: 1-10.  
Woo, K., Gosper, M., McNeill, M., Preston, G., Green, D. and Phillips, R. 2008. Web-
based lecture technologies: Blurring the boundaries between face-to-face and 
distance learning. ALT-J, 16: 81-93.  
Wyatt, T. H., Krauskopf, P. B., Gaylord, N. M., Ward, A., Huffstutler-Hawkins, S. and 
Goodwin, L. 2010. Cooperative m-learning with nurse practitioner students. 
Nursing Education Perspectives, 31: 109-113. Accessed January 18, 2013. 
http://www.nlnjournal.org/doi/abs/10.1043/1536-5026-31.2.109.  
Xie, Y., Ke, F. and Sharma, P. 2008. The effect of peer feedback for blogging on 
college students' reflective learning processes. The Internet and Higher 
Education, 11: 18-25. 
Zorko, V. 2009. Factors affecting the way students collaborate in a wiki for English 
language learning. Australasian Journal of Educational Technology, 25: 645–
665. 
Handover Version 
 
40 
Table 1. A categorisation of the reviewed interventions involving technology for 
teaching and learning 
 
Nature of intervention or study Article(s) involving this form of intervention 
1.  
a. 
Replicating existing teaching practices [9 studies] 
Replicating an element of 
conventional teaching for delivery 
to students using some form of 
technology 
Connolly et al (2007); Delialioglu & Yildirim (2008); de 
Grez et al (2009); Hui et al (2007); Lorimer & Hilliard 
(2008); Neumann & Hood (2009); Stephenson et al 
(2008); Woo et al (2008) 
b. Comparing differing technologies 
for delivering the same material or 
resources to campus-based or 
distance learners 
Griffin et al (2009) 
2 
a. 
Supplementing existing teaching practices [23 studies] 
Making available versions of 
existing course 
materials/resources/tools that 
students can access and use 
whenever they want 
Copley (2007); Cramer et al (2007); Dalgarno et al 
(2009); Evans (2008); Fernandez et al (2009); Lonn & 
Teasley (2009); Swan & O'Donnell (2009); Taylor & Clark 
(2010); Tynan & Colbran (2006) 
b. Adopting or developing additional 
learning resources or tools for 
students to use 
Cubric (2007); Demetriadis et al (2008); Elgort et al 
(2008); Hramiak et al (2009); Kerawalla et al (2008); de 
Leng et al (2009); McLoughlin & Mynard (2009); Murphy 
& Ciszewska-Carr (2007); Ng’ambi & Brown (2009); 
Sorensen et al (2007); Wheeler & Wheeler (2009); Wyatt 
et al (2010); Xie et al (2008); Zorko (2009) 
3 
a. 
Transforming the learning experience (structural changes) [15 studies] 
Redesigning learning activities or 
substantial parts of modules to 
provide active learning 
opportunities for students 
Coller & Scott (2009); Cooner (2010); Dalsgaard & Godsk 
(2007); Hakkarainen et al (2007); Hemmi et al (2009); 
Herman & Kirkup (2008); Lee et al (2008); Tormey & 
Henchy (2008) 
b. Investigating how TEL activities 
could most effectively promote 
qualitatively richer learning among 
students 
Bailey & Card (2009); Chen et al (2009); Downing et al 
(2007); Kanuka et al (2007); Kirkwood (2006); Melrose & 
Bergeron (2007); Thorpe (2008) 
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Table 2. A categorisation of how enhancement was conceived in the accounts of 
technology interventions reviewed 
Conception of  ‘enhancement’ Article(s) exhibiting this conception 
1. 
a. 
Operational improvement [6 studies] 
Increased flexibility [5 studies] Copley (2007); Ng’ambi & Brown (2009); Taylor & Clark 
(2010); Tynan & Colbran (2006); Woo et al (2008) 
b. Improved retention [1 study] Connolly et al (2007) 
2. 
a. 
Quantitative change in learning [32 studies] 
Improved engagement or time 
spent on learning task [10 
studies] 
Coller & Scott (2009); Cubric (2007); Dalsgaard & Godsk 
(2007); Downing et al (2007); Kirkwood (2006); Neumann & 
Hood (2009); Ng’ambi & Brown (2009); Sorensen et al 
(2007); Tormey & Henchy (2008); Tynan & Colbran (2006)  
b. More favourable perceptions or 
attitudes (e.g. higher ranking of 
satisfaction or importance)  
[24 studies] 
Coller & Scott (2009); Connolly et al (2007); Cooner (2010); 
Copley (2007); Cramer et al (2007); Dalgarno et al (2009); 
de Grez et al (2009); de Leng et al (2009); Delialioglu & 
Yildirim (2008); Elgort et al (2008); Evans (2008); Fernandez 
et al (2009); Griffin et al (2009); Hakkarainen et al (2007); 
Hui et al (2007); Lonn & Teasley (2009); Sorensen et al 
(2007); Stephenson et al (2008); Swan & O'Donnell (2009); 
Taylor & Clark (2010); Tormey & Henchy (2008); Tynan & 
Colbran (2006); Woo et al (2008); Wyatt et al (2010) 
c. Improvement in test or 
assessment scores [14 studies] 
Connolly et al (2007); Cramer et al (2007); Cubric (2007); 
Dalgarno et al (2009); Dalsgaard & Godsk (2007); de Grez et 
al (2009); Delialioglu & Yildirim (2008); Demetriadis et al 
(2008); Griffin et al (2009); Hui et al (2007); Lorimer & 
Hilliard (2008); Neumann & Hood (2009); Stephenson et al 
(2008); Swan & O'Donnell (2009)  
3. 
a. 
Qualitative change in learning [28 studies] 
Deeper learning or 
understanding / higher order 
thinking processes and skills [16 
studies] 
Coller & Scott (2009); Connolly et al (2007); Cooner (2010); 
de Leng et al (2009); Demetriadis et al (2008); Hakkarainen 
et al (2007); Hemmi et al (2009); Kirkwood (2006); Lee et al 
(2008); McLoughlin & Mynard (2009); Stephenson et al 
(2008); Thorpe (2008); Tormey & Henchy (2008); Wheeler 
& Wheeler (2009); Wyatt et al (2010); Xie et al (2008) 
b. More reflection / critical 
awareness by students [6 
studies] 
Connolly et al (2007); Cooner (2010); Herman & Kirkup 
(2008); Hramiak et al (2009); Kerawalla et al (2008); Xie et 
al (2008) 
c.  Improved student interactions in 
online discussion and/or 
collaborative activity [13 studies] 
Bailey & Card (2009); Chen et al (2009); Downing et al 
(2007); Elgort et al (2008); Hemmi et al (2009); Kanuka et al 
(2007); de Leng et al (2009); Melrose & Bergeron (2007); 
Murphy & Ciszewska-Carr (2007); Neumann & Hood (2009); 
Thorpe (2008); Wheeler & Wheeler (2009); Zorko (2009) 
d. Sharing of experiences (related 
to professional practices) [2 
studies] 
Chen et al (2009); Kerawalla et al (2008) 
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N.B. When multiple forms of enhancement were identified for a study, that study appears in more 
than one category above. 
Handover Version 
 
43 
Table 3. The form of data collection and types of evidence collected in the reviewed 
interventions 
Form of data / 
evidence 
Article(s) using that form of data/evidence 
Quantitative data [39 studies] 
 System usage data Copley (2007); Cramer et al (2007); Dalsgaard & Godsk (2007); 
Lorimer & Hilliard (2008); Ng’ambi & Brown (2009) 
 Completion/retention 
rates 
Connolly et al (2007); Thorpe (2008) 
 Course or module 
assessment grades 
Connolly et al (2007); Cramer et al (2007); Cubric (2007); Swan & 
O'Donnell (2009); Xie et al (2008); Zorko (2009) 
 Separately administered 
test(s) 
Dalgarno et al (2009); Dalsgaard & Godsk (2007); de Grez et al (2009); 
Delialioglu & Yildirim (2008); Demetriadis et al (2008); Griffin et al 
(2009); Hui et al (2007) Lorimer & Hilliard (2008); Neumann & Hood 
(2009); Stephenson et al (2008)  
 Attitude scale Cramer et al (2007); Delialioglu & Yildirim (2008); Demetriadis et al 
(2008); Griffin et al (2009); Neumann & Hood (2009) 
 Self-report survey – 
students (including 
established inventories, 
instruments, etc.) 
Coller & Scott (2009); Connolly et al (2007); Cooner (2010); Copley 
(2007); Cubric (2007); Dalgarno et al (2009); Dalsgaard & Godsk 
(2007); Delialioglu & Yildirim (2008); Demetriadis et al (2008); Elgort 
et al (2008); Evans (2008); Fernandez et al (2009); Hakkarainen et al 
(2007); Herman & Kirkup (2008); Hui et al (2007); Kirkwood (2006); 
Lonn & Teasley (2009); Neumann & Hood (2009); Sorensen et al 
(2007); Stephenson et al (2008); Swan & O'Donnell (2009); Taylor & 
Clark (2010); Thorpe (2008); Tormey & Henchy (2008); Tynan & 
Colbran (2006); Wheeler & Wheeler (2009); Woo et al (2008); Wyatt 
et al (2010); Xie et al (2008); Zorko (2009) 
 Self-report survey – 
teaching staff (including 
established inventories, 
etc.) 
Lonn & Teasley (2009); Woo et al (2008) 
 Scrutiny of student-
generated artefacts 
Coller & Scott (2009) 
 Analysis of online 
interactions (quantity) 
Chen et al (2009); de Leng et al (2009); Downing et al (2007); Kanuka 
et al (2007)  
Qualitative data [34 studies] 
 Interview – individual 
student 
Chen et al (2009); Dalgarno et al (2009); de Leng et al (2009); Downing 
et al (2007); Fernandez et al (2009); Hemmi et al (2009); Herman & 
Kirkup (2008); Kerawalla et al (2008); Melrose & Bergeron (2007); 
Swan & O'Donnell (2009); Thorpe (2008); Zorko (2009) 
 Interview – student 
group (focus group) 
Cooner (2010); Hramiak et al (2009); Lee et al (2008); Melrose & 
Bergeron (2007); Sorensen et al (2007); Taylor & Clark (2010); Tormey 
& Henchy (2008); Wyatt et al (2010) 
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 Interview – teaching 
staff 
Bailey & Card (2009); Chen et al (2009); Connolly et al (2007); de Leng 
et al (2009); Elgort et al (2008); Fernandez et al (2009); Hemmi et al 
(2009); Murphy & Ciszewska-Carr (2007); Taylor & Clark (2010); 
Thorpe (2008); Woo et al (2008) 
 Individual diary Hakkarainen et al (2007) 
 Open-ended comments 
in student self-report 
survey 
Hakkarainen et al (2007); Herman & Kirkup (2008); Lonn & Teasley 
(2009); Neumann & Hood (2009); Sorensen et al (2007); Swan & 
O'Donnell (2009)  
 E-mailed comments Fernandez et al (2009); Herman & Kirkup (2008); Thorpe (2008) 
 Reflective activity Cubric (2007); Elgort et al (2008); Hemmi et al (2009) 
 Online forum/discussion Fernandez et al (2009); Hemmi et al (2009); Herman & Kirkup (2008) 
 Analysis of online 
postings and/or 
interactions (quality) 
Chen et al (2009); de Leng et al (2009); Downing et al (2007); Elgort et 
al (2008) Hemmi et al (2009); Kanuka et al (2007); McLoughlin & 
Mynard (2009); Xie et al (2008); Zorko (2009) 
 Analysis of individuals’ 
online messages 
Hramiak et al (2009); Kerawalla et al (2008); Ng’ambi & Brown (2009); 
Wheeler & Wheeler (2009) 
 Scrutiny of student-
generated artefacts 
Coller & Scott (2009) 
 Observation of practice Hemmi et al (2009); Sorensen et al (2007); Swan & O'Donnell (2009); 
Tormey & Henchy (2008) 
 Case study of practice Sorensen et al (2007) 
 
N.B. When multiple forms of data collection were used in a study, that study can appear in more than 
one category above. 
 
 
